

Beam Reach has been collecting data on the Southern Resident killer whales from a sailboat called the Gato Verde for the past couple of weeks while previous students have been collecting for the past couple of years. I started out by trying to answer the question, “how does noise affect orca calls.” ****I picked a common J pod call, the S1 to anticipate a large dataset. We used a hydrophone array, which is like an series of underwater microphones, to record all sounds while we were with the whales. I largely supplemented our recordings with Beam Reach 2009 recordings for my analysis.  


Here’s what an S1 typically looks from a spectrogram taken from a program called Audacity. I used it to analyze the S1 calls throughout the project. These thick lines identify a concentration of sound. From this picture we can measure the frequency of each line and analyze the strength of the signal throughout the time of the recording. 

I selected the first syllable of each S1 call and used a frequency analysis to measure the amplitude - basically how much energy **** is put into the signal. The axes show frequency (or kindof the pitch of the tone) along the “x” and amplitude decibels along the “y” for both the fundamental and all subsequent harmonics. So this peak (point) shows the fundamental frequency is around 1000 Hertz, and the peak decibel level is -30 decibels. You can see that the fourth harmonic is around 4,000 Hertz and has an amplitude of -20 decibels, meaning that more energy is put into the fourth harmonic than the fundamental. I wanted to find out “how much more energy” and “does noise affect that relationship?” Other studies have shown that as the overall amplitude of the noise increased, certain parts of the signal also increased.


To verify these results with my own measurements from last years data, I selected a portion of the spectrogram just before the call and calculated an ****RMS (root-mean-squared) value for the background noise. For the killer whale call, I used a frequency analysis to measure the peak amplitude at that time. This graph clearly shows that as the broadband noise level overall increases, the fundamental signal frequency band (that line along the bottom of the first slide) significantly increases, with a p-value of .00027. I found a similar relationship with the other harmonics and the broadband noise levels. 


So then I wanted to delve into specific frequencies of the noise a bit more. ****I looked at the amplitude of noise just before a call was made and measured the peak amplitudes at each call harmonic at the appropriate frequencies. So remember that two of the Signal harmonic peaks were at 4000 Hz and 1000 Hz. For the background noise on this frequency analysis graph, I looked at those associated frequency levels and recorded the corresponding a noise amplitude in decibels. 


On this analysis, we can see at the 4,000 Hertz frequency, the amplitude of the noise is -55dB. In addition to that, the dB at 1,000 Hertz is about -66. Both of these amplitudes are weaker than the signal decibels, meaning that you can hear this signal above the background noise. That’s good. 

***So, what was I expecting? It makes sense to me that if certain frequencies of noise were particularly loud just before a call was made, the orca might shift the strength of a call at that frequency in order to compensate. 


This is a typical S1 call with the background noise just before it. I measured the amplitude at each frequency band (which are circled) for both the signal and the background noise, then tried to compared them. 

First:

For the signal, the peak amplitudes seemed to be most important so I recorded the difference between the peak of harmonic 2 and the fundamental peak. Then for the noise I measured the amplitude at the harmonic frequency levels and recorded the differences between the same harmonic 2 and fundamental. Finally I took the differences from the signal and the differences from the noise and plotted them. 

**** For this graph, as the noise at Harmonic 2 increases the amplitude of the signal peak of Harmonic 2 also increases. So if there is more noise at the second harmonic frequency, the orca call has more strength at that frequency. 

****This graph also shows that if the noise level increases at the fundamental, the H1 peak has a trend towards increasing as well. This graph has a significant p-value of 0.00044

There is a similar relationship for noise and signal with the other harmonics as well. 

****Finally, I wanted to look at the degree of change from one harmonic to the next, meaning- “is any frequency more susceptible to background noise?”

I calculated a few ratios to help describe more relationships between signals and noise in this way. This graph shows 2 different correlations. 

As the noise increases at the fundamental frequency level, the signal peak decreases.  And, as the noise increases at the fourth harmonic, the signal peak increases. The relationship is complex, but the significant findings show that noise impacts are magnified as frequencies increase. The fourth harmonic is therefore more impacted by louder background noise than the fundamental.

This magnified relationship could be because the fundamental harmonic is less important in communication with other orca than the higher harmonics. Or that the orca have stopped trying to compensate for loud ambient noise at that fundamental frequency level and compensate by putting more energy into the higher harmonics. 

Whichever way you look at it, orca calls are significantly affected by background noise. For an endangered species, this extra input of energy could be detrimental. 

****In conclusion, through this research project I was able to find pretty much what I expected to find. As the broadband background noise increases, the peak of harmonic signals also increase. 

Also, there is a significant relationship between the degree of change between peaks for the signal harmonics and their associated noise measurements. 

Finally, there appears to be a relationship of magnitude between the ratios of signal harmonics and that same ratio of noise. 

My next questions wonder where the noise is coming from. What proportion of the noise is implemented by humans and boat noise and how much can the orca pods handle? Just where is the breaking point for when the orca cannot compensate for the noise in their environment and lose communication and foraging abilities?

These are questions that I don’t have answers to, and I hope that we don’t find the answers from the starvation of a great species just because our boats made too much noise for them to find food. 

****Thank you for your attention today, and many thanks to all of the people and organizations that made this formative research experience possible. Are there any questions?

Many thanks to the Beam Reach Marine Science and Sustainability school for the opportunity, planning logistics, and wonderful staff who helped to make this formative research experience possible. Special thanks to Scott Veirs, the mastermind behind the program, as well as Val Veirs and Jason Wood.  Thanks to the University of Washington and Friday Harbor Laboratories for housing and accommodations while on land. The data collection was made possible through the commitment of the Gato Verde captain, Todd Schuster to finding marine mammals and teaching sailing at the same time.  I greatly appreciate the support of Ken Balcomb (Center for Whale Research), Orca Network, friendly commercial whale watch operators, and Lynn, editing genius. This data analysis would not have been possible without the aid of past Beam Reach students, along with my co-students: Nora Carlson, Horace Liang, and Kathryn Scurci. Thank you to all.

I recorded the difference between two of the signal peaks in a frequency analysis, then plotted that number against the difference of the same peaks for the noise. 

First I took the frequency analysis of each call and measured the difference in decibels between the trough and the peak of the signal to get the size of the signal above the background noise. The signal trough is the amplitude where the background noise starts to block out the call. This graph shows that the size of the higher fourth harmonic is generally greater that the size of the third harmonic. In other words, more energy is put into the higher harmonics. 

Great, but I wanted to measure noise frequency more directly. So I measured the ratio of amplitude change between the fourth harmonic and the fundamental for the signal...then 

